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Abstract
The purpose of this study was to estimate daily intake of manganese in Korean adults. Manganese intake was estimated through the use of the
database of manganese content in frequently consumed Korean foods after first conducting anthropometric measurement and a survey on dietary 
intake with 354 Korean adults. Average age, height, weight and body mass index were 54.6 years, 165.7 cm, 67.2 kg and 24.5 kg/m
2 in males
and 53.8 years, 153.7 cm, 59.1 kg and 24.9 kg/m
2 in females. The daily energy intakes of subjects were 1740.1 kcal in males and 1432.6 kcal
in females. Male and female subjects recorded, respectively, 5.2 mg and 4.1 mg in manganese intake indicating that the male subjects consume
more manganese (p<0.001). And they posted, respectively, 3.0 mg and 2.9 mg in manganese intake per 1000 kcal of energy consumption; it turned
out that there was no significant difference. Daily manganese intake of both males and females posted, respectively, 148.8% and 135.2% of the
adequate intake, and 8 males and 3 females surpassed the tolerable upper intake level.  It is suggested that the study for accurate determination
of manganese consumption needs to be more diversified based on the database of manganese content in Korean foods.
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Introduction5)
Growing numbers of people have an interest in health and 
many studies have been conducted on bioactive non-nutrients that 
should have been based on the study of nutrients. Only when 
the studies are conducted considering both factors, it is possible 
to acquire accurate data to maintain optimal health. Studies on 
nutrients are imbalanced as they are concentrated on specific 
nutrients, and there are not enough studies on the effects of 
minerals. Recently, mineral deficiency caused by over-con-
sumption has been a concern, and as the function of minerals 
has been examined in relation to chronic diseases, the necessity 
of studies on the minerals that have been underestimated needs 
further study.
Studies on the relationships between chronic diseases and 
minerals started with epidemic study (Schroeder, 1960) that 
examined the effect on residents who consumed hard water in 
which calcium and magnesium had a rich content. The results 
showed a lower mortality rate caused by circulatory diseases than 
those who had consumed soft water. Since that time, studies have 
been conducted on the effect of calcium and magnesium with 
regard to the maintenance of the constancy of blood pressure 
and the decrease of blood lipids and studies on the effect of 
consumption of micro-minerals including zinc, copper and iron 
on blood lipids (Choi, 2000; Klevay et al., 1984), studies on 
the metabolism of manganese and cholesterol (Davis & Greger, 
1992), studies on the metabolism of chromium, sugar and protein 
(Mertz et al., 1974) and also studies on the metabolism of 
selenium and lipid (Diplock, 1987). An increasing number of 
people have an interest in the effect of the health-related functions 
of minerals, but there is still a lack of study on the function 
of micro-minerals and consumption patterns. 
Specifically, manganese (Mn) needs further study, more than 
any other mineral, for the following reasons. First, with regard 
to chronic diseases, it plays a role in maintaining health. 
Manganese is known to be a nutrient essential to the formation 
of the skeletal structure and the metabolism of amino acids, 
cholesterol and carbohydrates (Keen et al., 1999). Koreans 
typically have a weaker skeletal structure due to a lack in the 
consumption of calcium, and as anti-oxidation is related to 
various diseases, attention needs to be paid to the function of 
manganese in this area. When calcium and manganese are 
administered as a supplement to osteoporosis patients that 
experience a decrease in manganese in blood, bone mineral 
density have shown improvement (Freeland-Graves & Turnlund, 
1996). Furthermore, when there is a lack of manganese, active 
MnSOD has decreased and lipid peroxide levels have increased 
(Malecki  et al., 1994).
There is also the lack of a database on the manganese content 
in Korean foods. The food composition table (National Rural 
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Energy (kcal/day)*** 1740.1 ± 655.9
1) 1432.6 ± 648.0 1562.3 ± 668.0
Mn intake (µg/day)*** 5206.6 ± 3237.3 4056.5 ± 2003.5 4540.6 ± 2652.7
Mn intake 
(µg/1000 kcal/day) 2982.7 ± 1164.2 2899.9 ± 946.6 2934.8 ± 1042.9
% adequate intake 148.8 ± 92.5 135.2 ± 66.8 140.9 ± 78.8
≤Mn UL
2) 141 (94.6%) 202 (98.5%) 343 (96.9%)
1)  Mean ± SD
2)  UL:  Tolerable  Upper  Intake  level 
*** p＜0.001, Significance between male and female as determined by Student’s 
t-test
Table 1. Distribution of age of the subjects according to gender
Age (yrs) 20~49 50~64 ≥ 65
Significance
Sex (n=132) (n=135) (n=87)
Male 54(40.9) 54(40.0) 41(47.1) χ
2=1.2228
Female 78(59.1) 81(60.0) 46(52.9) (df=2)
Total 132(100) 135(100) 87(100) NS
1)
1)  NS  :  not  significant  different







Age (yrs)   54.6 ± 13.9
1)  53.8 ± 12.8   54.2 ± 13.3
1)
Height (cm)*** 165.7 ± 6.7 153.7 ± 6.2 158.8 ± 8.7
Weight (kg)*** 67.2 ± 9.4  59.1 ± 11.3  62.6 ± 11.2
BMI (kg/m
2)
2) 24.5 ± 3.0 24.9 ± 4.0 24.7 ± 3.6
1)  Mean ± SD
2)  Body  mass  index 
*** p＜0.001, Significance between male and female as determined by Student’s 
t-test
Living Science Institute, 2006) by the rural development 
administration provides a database on 262 types of manganese 
content, but it also cites 118 types of foreign data (45%). Since 
inorganic content in foods varies depending on region and diet 
patterns, it is problematic to evaluate the amount of consumption 
through the use of foreign data. It is continuously complemented, 
but there is not enough sufficient data in terms of the type and 
number of analyzed foods. The food contains many functional 
minerals known to play important roles such as the prevention 
of cancer and oxidation and the improvement of glucose 
metabolism in the body, but there is still a shortage of related 
study on mineral intake in Koreans.
In this regard, this study aims to estimate daily intake of 
manganese in Korean adults. This is done through the use of 
the database of manganese content in 366 frequently consumed 
Korean foods (Choi & Kim, 2007) after first conducting 
anthropometric measurement and a survey on dietary intake with 
354 Korean adult males and females.
Subjects and Methods
Subjects of the survey
Subjects of the survey agreed to take part after the objectives, 
contents and process of the study were fully explained, and 
healthy people were selected, which included a total of 354 
subjects, comprised of 149 males and 205 females.
Anthropometric measurement and the survey on dietary intake 
The subjects took off their shoes and wore light clothes to 
have their heights and weights measured twice through the use 
of a height and weight measurer (JENIX, Korea), and an average 
height and weight was calculated. The types and quantity of foods 
that the subjects ate for breakfast, lunch, supper and between- 
meal-snacks as well as food consumed for the past 24 hours from 
the moment they woke up in the morning until they went to 
bed were surveyed. Researchers helped the subjects to accurately 
recall the amounts of foods that the subjects consumed by 
suggesting prepared models and viewing photos to standardize 
the survey on diet. Based on the results of the dietary intake 
survey, the amount of consumption of nutrients was analyzed 
through the use of CAN-Pro 3.0 (The Korean Nutrition Society), 
and the amount of manganese consumption was calculated 
through the use of the manganese content database in the 366 
frequently consumed foods by Koreans (Choi & Kim, 2007).
Statistical analysis 
Average and standard deviation of all results of the study were 
calculated through the use of the SAS program (version 8.01, 
SAS Inc, Cary, NC). As for variations between males and 
females, an unpaired t-test was used in the case of continuous 
variables, and a χ
2-test was used in the case of discontinuous 
variables. Correlation between variables was calculated through 
the use of Pearson's correlation coefficient, and a significance 
test on all results was conducted at level of p<0.05 unless 
otherwise stated. 
Results
As seen in Table 1, there was no significant difference in terms 
of the distribution of age of subjects according to gender, and 
general characteristics on the subjects are the same as reported 
in the previous study (Choi & Kim, 2007) as seen in the Table 
2. Table 3 indicates the results of manganese intake of the 
subjects. Males posted 1740.1 kcal in daily average energy 
consumption while females posted 1432.6 kcal. Males recorded 
5.2 mg in daily manganese intake and females 4.1 mg showing 
that males posted a higher intake (p<0.001). Males and females 
posted, respectively, 3.0 mg and 2.9 mg in manganese intake 
per 1000 kcal of consumed energy showing no significant 
difference. Males and females posted, respectively, 148.8% and 
135.2% of the adequate intake, and 8 males and 3 females 24 Manganese intake of Korean adults
Fig. 1. Correlation between manganese intake from a previous study (Choi & 
Kim, 2007) and this study
surpassed the tolerable upper intake level.
Discussion
There is not enough sufficient data on the distribution of 
manganese intake by Koreans, and it is due to the shortcomings 
of the database on manganese content in foods. Evaluation of 
manganese consumption of same subjects based on data on the 
manganese composition in foods at home and abroad (National 
Rural Living Science Institute, 2006; Suzuki, 1993; USDA, 2003) 
found that males and females posted, respectively, 3.7 mg and 
3.2 mg (Choi & Kim, 2007) in daily manganese intake, which 
indicates lower rates generated for data analyzed in this study. 
In addition, according to evaluation through the use of food 
composition data (National Rural Living Science Institute, 2006; 
Suzuki, 1993; USDA, 2003) similar to a previous study (Choi 
& Kim, 2007), 50 female college students recorded 3.8 mg (Sung 
& Yoon, 2000) in daily manganese consumption, which indicates 
a lower rate than that found in this study. The study of Kim 
& Lee (2006) showed high intake of energy (1889.4 kcal) but 
low intake of Mn (3.7 mg) compared to the present study. And 
the study of Cho et al. (2006) reported that similar energy (men 
1720.9 kcal, women 1443.1 kcal) and Mn (3.7 mg) intake level 
compared to our study. However, evaluation of manganese 
consumption of 64 postmenopausal women based on data on the 
manganese composition in foods at home and abroad (National 
Rural Living Science Institute, 2006; Suzuki, 1993; USDA, 2003) 
found that females posted 5.1 mg (Choi & Sung, 2007) in daily 
manganese intake, which indicates higher rates generated for data 
analyzed in this study. Since many domestic data studies on 
manganese in foods cite analysis results from abroad, if they 
are applied as they are, frequently consumed foods might be 
omitted resulting in an underestimation of manganese con-
sumption. 
McLeod and Robinson (1972) reported 3.7 mg in manganese 
consumption from daily diet. Patterson et al. (1984) reported that 
it recorded 1.6 mg/1000 kcal while Greger et al. (1990) said 
that it was 2.8 mg. Since manganese intake is drastically different 
according to dietary patterns, frequent tea drinkers and vege-
tarians posted a higher rate, and the manganese consumption 
found in a western style diet and vegetarian meals ranges from 
0.7 mg per day to as much as 10.9 mg per day (Gibson, 1994). 
Manganese is known to be supplied through plants such as 
vegetables and beans (The Korean Nutrition Society, 2005). 
According to this study, the main suppliers of manganese to the 
subjects were found to be cereals, vegetables and beans, and they 
are not only a source of manganese but they are also highly 
consumed foods in Korea. Since the study focused on the analysis 
of manganese content, it seems that it generated higher rates of 
manganese consumption than studies (Choi & Kim, 2007; Sung 
& Yoon, 2000) based on foreign data. Evaluation of the 
correlation between manganese consumption from previous study 
(Choi & Kim, 2007) and that calculated through the use of data 
(Choi & Kim, 2007) on manganese content in the foods analyzed 
for the study indicated a significant positive correlation as seen 
in the Fig. 1. It appears to indirectly explain the reliability of 
the data on manganese content in the foods analyzed for the 
study and of the manganese consumption determined by the 
database.
In the meantime, Kwak et al. (2003) who evaluated manganese 
intake of 168 elderly people residing in agricultural areas showed 
that males and females posted, respectively, 6.0 ± 8.6 mg and 
5.5 ± 11.9 mg, indicating a great personal difference, and this 
was a little higher than the manganese consumption in the 
subjects of the study. It was already mentioned that one of the 
reasons for the difference is differing databases on the manganese 
content in the foods used for the analysis of manganese 
consumption and that a thorough database needs to be established 
through chemical analysis of manganese content in frequently 
consumed foods in Korea to evaluate the amount of manganese 
consumption more accurately. And, evaluation of manganese 
consumption needs to be conducted considering more diverse 
factors and the results of analysis need to be reviewed on a 
continual basis. 
Literature Cited
Cho YE, Lee SL, Cho EH, Lomeda RA, Kwak EH, Kim YH & Kwun 
IS (2006). Comparison on nutrition intake of Korean elderly peo-
ple living in rural area between 24-hour recall and food frequency 
method.  Journal of Korean Society Food Science Nutrition 35: 
698-707.
Choi MK (2000). Relationship between serum levels of micro-
minerals and lipids in Korean adults on self-selected diet. Journal 
of Community Nutrition 5:289-296.
Choi MK & Kim EY (2007). Evaluation of dietary manganese intake 
in Korean men and women over 20 years old. Journal of Korean 
Society Food Science Nutrition 36:447-452. 
Choi MK & Kim EY (2007). The analysis of manganese contents Eun-Young Kim et al. 25
in 366 Korean common foods. J Clinical Biochemistry and 
Nutrition 41:168.
Choi YH & Sung CJ (2007). A study on nutrient intakes and serum 
levels of copper, zinc and manganese in Korean postmenopausal 
women with different bone mineral density. The Korean Journal 
of Nutrition 39: 485-493.
Davis CD & Greger JL (1992). Longitudinal changes of manganese- 
dependent superoxide dismutase and other indexes of manganese 
and iron status in women. Am J Clin Nutr 55:747-752.
Diplock AT (1987). Trace elements in human health with special 
reference to selenium. Am J Clin Nutr 45:1313-1322.   
Freeland-Graves JH & Turnlund JR (1996). Deliberations and 
evaluations of the approaches, endpoints and paradigms for 
manganese and molybdenum dietary recommendations. J Nutr 
126:2435-2440.
Gibson RS (1994). Content and bioavailability of trace elements in 
vegetarian diets. Am J Clin Nutr 59:1223-1232. 
Greger JL, Davis CD, Suttie JW & Lyle BJ (1990). Intake, serum 
concentrations, and urinary excretion of manganese by adult males. 
Am J Clin Nutr 51:457-461.   
Keen CL, Ensunsa JL, Watson MH, Baly DL, Donovan SM, Monaco 
MH & Clegg MS (1999). Nutritional aspects of manganese from 
experimental studies. Neurotoxicology  20:213-223. 
Klevay LM, Inman L, Johnson LK, Lawler M, Mahalko JR, Milne 
DB, Lukaski HC, Bolonchuk W & Sandstead HH (1984). Incre-
ased cholesterol in plasma in a young man during experimental 
copper depletion. Metabolism 33:1112-1118.
Kwak EH, Lee SL, Yoon JS, Lee HS. Kwun CS & Kwun IS (2003). 
Macronutrient, mineral and vitamin intake in elderly people in the 
rural area of North Kyungpook province in South Korea. The 
Korean Journal of Nutrition 36:1052-1060. 
Kim KH & Lim HS (2006). Dietary intake, serum concentrations, and 
urinary excretions of Fe, Zn, Cu, Mn, Se, Mo, and Cr of Korean 
young adult women. The Korean Journal of Nutrition 39:762-772. 
Malecki EA, Huttner DL & Greger JL (1994). Manganese status, gut 
endogenous losses of manganese, and antioxidant enzyme activity 
in rats fed varying levels of manganese and fat. Biol Trace Elem 
Res 42:17-29.
McLeod BE & Robonson MF (1972). Metabolic balance of 
manganese in young women. Br J Nutr 27:221-232.
Mertz W, Toepfer EW, Roginski EE & Polansky MM (1974). Present 
knowledge of the role of chromium. Fed Proc 33:2275-2280.
National Rural Living Science Institute (2006). Food composition 
tables. 7th ed. Sangloksa, Seoul. Republic of Korea
Patterson KY, Holbrook JT, Bodner JE, Kelsay JL, Smith JC Jr & 
Veillon C (1984). Zinc, copper, and manganese intake and balance 
for adults consuming self-selected diets. Am J Clin Nutr 40: 
1397-1403.  
Schroeder HA (1960). Relation between mortality from cardio-
vascular disease and treated water supplies: variations in states and 
163 largest municipalities of the United States. JAMA 172: 
1902-1908.
Sung CJ & Yoon YH (2000). The study of Zn, Cu, Mn, Ni contents 
of serum, hair, nail and urine for female college students. Journal 
of Korean Society Food Science Nutrition 29:99-105.
Suzuki Y (1993). Table of trace element contents in Japanese 
foodstuffs. MAC, Tokyo. Japan
The Korean Nutrition Society (2005). Dietary reference intakes for 
Koreans. Seoul. Republic of Korea
USDA (2003). USDA Nutrient database for standard reference. 
Release 18. USDA, USA